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ABSTRACT Under heavy rainfall, the pore air pressure in the unsaturated zone of a dump hinders rainwater infiltration in loose soil,
which further affects the safety and stability of the dump. However, traditional analysis methods often regard pore air pressure as
atmospheric pressure and ignore its impact on dump safety. Relying on the high bench dump project of a copper mine in Jiangxi, basing
on the field test and survey results and combing with the horizontal slice of a typical dump profile, the seepage law and safety stability of
a high bench dump with traditional methods while considering the pore air pressure were analyzed. Moreover, the influence of pore air
pressure on a wet front, pore water pressure, and slope safety factors of high bench dump under heavy rainfall conditions were discussed.
The research results show that pore air pressure at the initial stage of rainfall infiltration is not significant, and pore air pressure does not
have a direct impact on the stability of the high bench dump. However, as the rainfall continues, the effect of the pore air pressure begins
to appear, reducing the infiltration rate of the high bench dump. Further, the downward movement speed of the wetting front becomes
slower, the pore water pressure rises slowly, and the influence of the heavy rainfall delays the stability of the high bench dump. In the
middle of rainfall infiltration, the pore air pressure remains constant, the delay effect varies, and the penetration depth increases. In the
late stage of rainfall infiltration, when the wetting front moves down to the critical plane of the layering, the pore air pressure balance is
destroyed, continuing to increase to a new constant value, which increases the impact on the high bench dump. When the traditional
method of wetting front and considering the pore air pressure of wetting front move down to the same depth, the safety factor of the high

bench dump under the action of pore air pressure is obviously reduced. The research results provide a theoretical basis for long-term safe

operation and disaster monitoring and early warning of high bench dump under heavy rainfall conditions.

KEY WORDS high bench dump; heavy rainfall; wetting front; pore air (water) pressure; slope stability
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Fig.1  Force analysis of the dump under rainfall conditions (without

considering the pore air pressure)
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Fig.2 Force analysis of the dump under rainfall conditions (considering the pore air pressure)
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Table 1 Permeability coefficient of the high dump

Testing position Permeability coefficient/(cm-s™")

Step 239 m 3.51 %107

Step 223 m 3.49 %107

Top of the step 200 m 2.50 x 107
Middle of the step 200 m 4.70 x 107
Bottom of the step 200 m 5.00 x 107
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Table 2 Mechanical parameters of the high dump
Rock—soil laver Natural unit weight, ~Saturated unit weight, Water-bearing Cohesion, Internal friction angle, Permeability
Y y/(kKN-m™) 75(kN-m) condition C/kPa D/(°) coefficient, k/(m-s™")
Unclassified waste 1990 20,50 Saturated 42.4 30.3 350 % 10°
rock ' ’ Natural 63.0 35.6 '
: Saturated 31.7 27.8
Top of the Packmg 18.60 19.70 2.50x 107
material Natural 55.0 33.0
: : Saturated 39.0 27.0
Middle of thc.e packing 1940 2070 470 % 107
material Natural 65.0 36.0
: Saturated 44.7 323
Bottom of the packing 19.80 21.00 5.00 x 107
material Natural 68.0 37.2
Weathered layer 20.00 21.50 Saturated 55.0 31.7 520 %1077
Bedrock 23.50 24.50 Natural 350.0 40.0 120 x 107
102
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Fig.7 Permeability coefficient curves Fig.8 Soil-water characteristic curves
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Rainfall Rainfall intensity/ Duration/  Total precipitation/
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Safety factor

Duration of Without L Influence
Profile . S Considering degree of pore
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. pore air  air pressure/%
pore air
pressure
pressure
0 1.815 1.815 0
3 1.638 1.656 1.06
6 1.545 1.600 3.44
1-1 profile 12 1.426 1.486 4.01
18 1.364 1.425 4.26
24 1.343 1.377 2.45
30 1.339 1.355 1.20
0 1.789 1.789 0
3 1.581 1.597 1.00
6 1.464 1.525 3.98
2-2 profile 12 1.309 1.384 5.42
18 1.253 1.302 4.76
24 1.210 1.245 2.81
30 1.194 1.218 1.98
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